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ABSTRACT . 
.... 
, 
, : . 
· - Since ~e .begirming of the electronics. industry, glass has been 
lridely used as ari enclosure for a variety of components. It can be 
' , 
· truthfully st.ated that the birth of the electronic industry wruld 
have been impossible were it not for the availability of glass. The 
ability of the glass to fonn a Ghemical bond between the oxides of 
' ,,•) 
-· . 
various metals imparts a characteristic hennetically-sealed joint. 
I 
A 
For many yea!s, soft glass, like those in the lead-alkali group, 
has been used fo.r sealing to ferrous alloys. This type of glass and 
, 
the techniques for sealing have remained ·virtually unchanged since 
, 
the~r inception. Under the same set of assembly conditions, atmos~-
./ 
phere, and gas flow, the fonnatioJJ.. of a seal became sanewhat constant 
since it was mainly dependent upon the time and temperature. 
This paper· covers the development of a new ~type of glass contain-
-~ 
ing iron. The statistical evaluation indicates that there is a signi-
ficant difference between the sealin_t times of the lead-alkali glass 
and the iron doped glass. It shows the effects of varying percentage5 
· 'of iron on seal parameters. It shows that the ratio of iron oxides 
detennines the transmittance of the glass more effectively than the 
' ,' .' 
percentage of total iron. The paper includes an evaluation of the 
--
· effects of this glass -o~ seal strength. 
The manufacturing aspects of this glass are discussed showing 
,•• 
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t ' 2. 
f' 
how a new ~ncept in sealing technology was developed. In additi<;>n, 
. ,; ''ti 
the marked reduction in produc't costs as a resultp of the change is 
discussed. 
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I. INTRODUCTION 
( 3. 
• 
>-. 
• 
For t&e past thirty years there has been a tremendous expansion 
in the use of·· glass for technical purposes. Hundreds of new varieties 
of glass have been developed along with. new manufacturing techniques 
for glass fabrication. 
/ 
Glass in its every day environment ofien goes 
• 
unnoticed. ··rt can truthfully be said that the birth of tl1e electronic 
industry would have been impossible were it not for the availability 
of glass. Electron tupes of all types. use glass for various reasons. 
' 
... , 
., In most cases, it is used .. as ah envelope to enclose electronic compo-
nents. 
(1) 
(2) 
(3) 
This envelop~ serves several·very important purposes, namely: 
"· 
To provide a suitable gaseous atmosphere 
To a~t as a mechanical supporting structure 
To act as an insulator between metallic contacts ~ -
, With the advent of semiconductor devices, initial desires were 
that gas-tight or hennetic enclosures would be UIU1ecessary. However, 
"' it was very quickly learned that most devices ·suffered se!ious adverse 
effects 'When exposed to the influences of the open atmosphere. Today, 
we therefore find most high reliability devices using glass as one of 
its pri~ components. These devices would include the families of 
electron tubes, sealed magnetic contacts, and semiconductor diodes, 
" ' 
tr~istors, and integrated circuits. 
Development of new technologies continues with the introduction 
of special gl_ass-like ceramics for both danestic and teclmical appli-( 
. 
~. 
I cations.,, M:>re ·recent developnents have shown that a backward glance 
·I 
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' . .,,~ ,/; 
'at long time existing• lmowl'edge may introduce new and exciting devel-
opments. Such_ a developlllent will be presented in this evaluation. 
·Glass 
Glass is ordinarily recognized by the layman is a hard, brittle~ ~ 
material that is transparent, and in addition, is a solid. Glass is 
a liquic\·at ordinary temperatures and it lacks the--crystal~ine struc-
ture of most materials. Glasses are mixtures of several oxides some 
of which are known as glass fonners •. The three most conmon glass 
fonners are silicon dioxide cs1o2), boric oxide (B2o3), and phosphorus 
pento~ide (P2o5). Other oxides such as sodiwn oxide (NaO) and lead 
oxide _(PbO) are added to impart certain characteristics to the( glass. 
In general, there are three classes of glass_ used in the various indus-
tries. They are: 
I 
soda-lime glass 
lead-alkali glass 
. 
- borosilicate glass 
• 
(soft) 
(soft) 
(hard) 
_, 
·'-.:" . 
•.. 
,,._ ,. 
if. 
·,f. 
Soda l'ime glass is used for w~dows, drinking glasses, etc. while 
/ lead-alkali glass is used more widely jn the electronics field for 
stems, headers, and sealed contact envelopes. The lead oxide serves I ~ 
several useful purposes such as depressing the softening point, acting 
,I' 
.\ 
~"' 
as a fluxing agent, and improving the working qualities of the glass. 
The borosilicate glasses are used in applications wh~re higher temper-
atures and high corrosive conditions exist.,\ The various types of 
. ' ..J 
glasses are shown in,. table 1 • 
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Coming· 
Code 
" 
' 
0080 
0120· 
7052 
7070 
7740 
I 
7900 
'· 
'\· 
.l 
Type 
Designation 
Lime 
Lead 
Borosilicate 
Borosilicate 
Borosilicate-
96% Silica 
.. 
- - -- - / 
. l 
--~-
J. 
,, 
APPROXIMATE CCMPOSITIONS Of SCME (l)RNI~ GLASSES 
Silica 
SiOz 
73.6% 
70l\O 
68.0 
70.0 
80.S 
96.3 
Soda 
NazO 
16 
3.1 
1.9 
3.8 
<0.2 
,· 
... 
Potash 
KzO 
0.6 
9 .. 0 
.· .. 
,O.S 
o .. ~.4 .. 
<0.2: 
. . 1 
, 
I 
Lead 
Lime ~1agnesia Lithia Oxide 
Cao 1\1gO LlzO . PbO 
5.2 3.6 
8.5 
1.2 
•• 
24.0 
TABLE 1 
,. 
/'· 
/'.' ·{--,-
. 
.. ,.· :.,-· 
.,, 
Boric··· 
Oxide 
Bz03 
15.2 
28 .o 
12.9 
2.9 
. . .. - . 
..... 
Altnnina 
Al203 . 
' 1-., 
··: 
1 
1.2 
8.1 
1.1 I 
l 
2.2 
0.4 
.. l 
·., 
' ', , ,,.. 
(_'-
- • r .-· .. 
-:: ··•.· 
BaO · 
2.4 
-· 
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Glass Properties 
~ 
· Since glass is· a liquid and possesses a viscosity at all temper-
atures~ its more important properties sucl1 as annealing point, strain 
point, and softening point are given in tenns of ''poises". A "poise" I , 
,, 
" 
being a viscosity of 1" dyne-'sec per square centimet~r. Another impor- · 
tant property of glass is its-thermal coeffici,ent of expansion (~L/L). 
' This particular characteristic plays an important role in providing 
a compatible glass-to-metal seal. The<various characteristics are 
shownt in table 2. 
Glass-To-Metal Sealing 
As previously mentioned, glass is employed primarily as an 
insulator between contacts, as a vacuum tight enclosure,and as a 
•:? 
supporting medium for various m~taiiic elements. Glass is seldom 
used by itself an4 is most ofien used in conjunction with metals to 
which it is chemically bonded or sealed. Metal-to~glass seals are 
made by chemically bonding the glass to the oxide fanned on the metal. 
The oxide is produced by heating t11e metal in an oxidizing atmosphere. 
Then, the bond or seal is made by heating the glass and metal while 
they are in contact. During the sealing process the glass, which is 
a mixture of many metallic oxides, absorbs sane of the oxide from the 
metal. If this oxide is adherent, -a strong vacuum tight bond results. 
In sealing, some important basic requirements must be met, and they 
are: 
(1) The glass should wet and adhere to the metal_:.,,p 
- f (2) The linear expansion of the glass llUlSt match closely that 
of the metal over a wide range of temperature. 
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l:ode 
No. 
0010 
0080 
0081 
0120 
1710 
1720 
1991 
7040 
7050 
7052 
7055 
7060 
7070 
7295 
7720 
7740 
7750 
/ 
7760 
8160 
9010 
' 
I> 
-,~ 
QIARACTERISTIC DATA OF CCMvtON GLASSES 
... 
' . \ 
,Approximate Values for Identification and Guidance . ..:,.•_. 
0 
• (From Corning Glass Works) 
Description 
Potash-Soda-Lead 
· Lime 
~Lime 
Potash-Soda-··Lead 
Extra Hard 
.. 
-
High Softening Point 
Iron-Sealing 
Potash-Borosilicate 
Soda-Borosilicate 
Potash-Barium Borosilicate 
Kqvar-Sealing 
Soda-Borosilicate 
Lithia-Borosilicate 
Copper-Sealing 
Soda-Lead-Borosilicate 
Soda-Aluminum-Borosilicate 
Similar to 7740 except lower 
silica, I1igher boric oxide 
Soda-L~ne-Borosilicate 
Potash-Lead 
Lead Free 
. ·• 
..., 
'I. 
Softening 
Point 
"C 
626 
696 
696. 
630 
915 
915 
539 
702 
703 
708 
718 
690 
465 
755 
820 
704 
780 
627 
650 
·" 
Table 2 
\ 
Annealing 
Point 
• Uc 
430 
512 
S17. 
435 
715 
715 
392 
489 
501 
481 
512 
499 
496 
·366. 
523 
563 
473 \' 
523 
436 
<444 
} 
,... 
.. ,. 
Strain 
Point 
. (u 
-' C 
•• C 393 
'472 
,477 
395 
668. 
668 
357 
450 
-461 
438 
472 
462' 
456 
344 
484 
519 
432 
478 
394 
406 
,,. 
.. 
Working 
Point Uc 
970 
1000 
1000 
97.5 
1190 
1198 
10sh 
1025 
1115 
1056 
-
1100 
655 
'~1110 
1220 
-
1213" 
975 
1021 
;!!,.. . 
\ 
< 
Exp. 
Coe££· 
~L/L xl0--1 /°C 
-~ 
91 
92 
91 
89 
42 
42 
t 128 
47~5 
46 
46 
51.S 
so 
32 
154 
~ts 
§0.S! 
r i, -~ 
34 
91 
88.S 
... 
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(3) Jt>'· ~ The glass should not reboil when heated for making the seal. 
... 
/ An important factor in the sealing of glass is the heating tech-
. t 
nique that is used for melting. Most electron tµbes are sealed with 
ii,., 
a gas flame teclmique; however if better control is- desired, resistance 
\. 
---- -
or~radiant.,heating techniques are used. fue to the necessity for close 
control in the semicon9,Uctor device and "new arts" fields, only the 
,,,. 
latter two heating tecrm.iques are used. 'Iwo problems associated with 
sealing are tl?.e l1igh energy: level and the long time cycle required to 
fonn the seal. Sealing time varies d·epehding uJ)On the geometry and 
size of the glass, the type of· fixture material, and the heating tech-
nique employed. In most cases the glass is heated by radiation and 
. 
' 
conduction from the surrounding environment depending upon its prox-. 
l. . 
. f 
imity. The technique is inefficient when used on clear glass because 
of its -poor energy absorbing characteristics. In order to justify--
costs, batch assembly or nUJltiple sealing techniques are used so that 
• I 
the wiit cost may be kept as low as possible. Sometimes, "batching" 
- u 
may not b_e possible, so individual sealing and handling must be resorted 
to for manufacturing. 
\ 
Recently, joint.development effort by the Corning Glass Works and 
the Western Electric Company showed that iron ddJing of glass increases 
\ 
, the absorbing power of the clear soft glasses. This ·(Phenomenon results 
in the increased ef ficiem:y of the radiant heating source providing it 
r 
\ 
. 7> 
· contains some infrared radiation. Initial effort was started at the 
'I 
~North Carolina Works using doped borosilicate glasses (hard) in the 
manufacture of resistors. Effort was discontinued 1.¥1til the feasi-
bility of thi~ principle was investigated for use in the manufacture·, 
" 
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of magnetic sealed contacts at Allentown. Joint development effort 
__, 
9. 
with the· Corning Glass Works and t·he Allento,m Works, l\festern ElectrlC · -
.Company was initiated for iron doping of soft lead-alkali glass. This 
development ,vhich is still continuing ,covered the ·various aspects such 
'· < 
-
· as degree of doping required and the chemic~l conditions necessary to 
. ,f ' . 
' provide optimwn sealing co·nditions. 
/ 
-
./ 
The presence of iron in glass is not·a new condition for the glass 
teclmolqgist. In the nast, iron was avoided by most glass makers be-
~j ( ~~ 
cause of its color, and its high infrared emission and absorption. 
Iron containing gla.5s therefore loses its heat content nuch faster, 
and causes it to· appear of a shorter working range. The most common 
fonns of iron of concern to glass makers are ferrous oxide (FeO) and 
ferric oxide (Fez03). Both of these oxides !Jave some., ef feet on color, 
.. 
however, only the divalent fonn provides the desirable qualities for 
increased sealing efficiency. Generally, known amounts of iron in 
~ 
the fonn of magnetite are added to the glass melt which is subjected 
to high temperautre for a lengthy ti.me perfod. This causes a partial 
1 disociation of ferric oxide into ferrous oxide \and free oxygen. Depend-
ing upon such conditions as: 
(1) quantity or melt 
(2) time 
· (3) ful_e atmosphere 
(4) glass composition 
a condition of equlibritnn between the divalent and trivalent iron is 
obtained. For a lead glass containing 3% total iron, the theoretical 
· ratior15· ?% Fez03 to 1% FeO. This imparts (a cl1aracteristic dark green 
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color to the glass and maxinu.Jm infrared absorbtion. However, it should 
be noted.that the petcentage of iron is independent of the ratio of 
oxide?. The oxi~e ratio as earlier mentioned is ~ependent upon c\n-
ditions o_Lreduction obtained during the manufacture'·of the glass. / ,, 
Varying degrees of transmittance may be obtained for a given glass 
,. 
by controlling the reduc~ion process. The oxide ratios can not be 
.> 
easily detennined by chemical analytical techniques. 1n·order to fonn 
the divalent oxide.,· you nust destroy the trivalent oxide. Because of 
this, transmittance is used as the comparison factor for oxide ratios. 
,,.. 
'Ihis investigation will cover the various aspects encom1tered 
in evaluating iron doped glass for nianufacturing. Both the resistance 
and infrared sealing techniques will be used for this evaluation. 
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II. OBJECTIVES -
The development and introduction to manufacturing of iron doped 
glass may have a considerable effect in the various industries using 
glass. This effect may range from the development of additional ''High 
·" 
-·.... . .. · . 
. Efficiency" glasses to the drastic ~redesigns of manufacturing equipment. 
The objectives of this investigation are to show: 
' ' ~ 
. <,.,' 
(1) Iron doped glass is a faster sealing glass than clear glass 
due to its energy absorbing abil i t_ies. 
(2) The percentage of iron in the glass is not the~single control-
ling factor for greater absorbance. 
(3) The mechanical strength of glass-to-metal seals is not dif-
1! ferent using iron doped glass. 
First, this report will show both a theoretical and analytical 
analysis of detennining the transmit·tance characteristics of a known 
glass containing fixed percentages of iron and iron oxide ratios. 
Experimental conditions for sealing and seal strength will be d~cussed 
-I 
along with a", statistical analysis of these results. 
The. later sections are devoted to the manufacturing aspects of 
iron doped glass and the effects on cost. To this- end, a cost comparison 
will be discussed from the manufacturing viewpoint. 
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Ill, EXPERIMEl'ITAL CONDITIONS 
~e initial phase of this development program was to first eval-
uate the effects of total iron and second, the effects of the iron 
oxide ratios, on the follo,ving parameters: 
(1) Transmittance of the doped glass 
)(2) Effect on sealing time 
..- l 
(3) Mechanical strength 
Transmittance Testing Procedure 
Tne first glass to be tested contained 2%, 3%, and 4% total iron. 
This glass was prepared in laboratory - type -crucible furnaces. Total 
reduction of the iron was achieved due to the small quantity (approx- . 
imately four pounds) of glas~ and controllable melting conditions. 
11!_ order to evaluate differences among the glasses, the first compar-
ison included an evaluation of the transmittance. At any wavelength, 
the transmittance of a sample is 
where: 
TA= transmittance 
Rx~ reflectance at a surface 
.. ' 
X = thickness 
.. jL 
·~:(\ 
:.·: 
I, . BA = absorption properties (determined by composition of glass) 
. The equation shows that transmittance can be varied by changing 
' 
,, .. • ,J 
surface reflectances, by changing absorption properties or be changing 
thickness. Since the transmittance of each glass was desited at varying 
wavelengths, calculations using the theoretical equations would be 
I 
j 
II 
.· ·-' 
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somewhat impractical. Therefore, a Perkins-~·1iner Spectrophotometer 
- as used to experimentally detennine tl1e transmittance of each glass. 
~This equipment uses a monochromatic light source for scanning across 
the spectrum for transmission properties. 
The glass to be treated. ,vas fonned into disks 15 millimeters in 
diameter and 1 millimeter thick. The results for the 2%,~, 3%, and 4% 
:r···'' 
total iron were plotted as transmittance versus wavelength. The 
graphs are shown in Appendix A, Figure 1. I .'(, \'I: 
.f 
To detennine the effects of varying degrees of iron reduction on ( 
transmittance, a second evaluation was initiated. Using a fixed per-
centage of total iron, namely 3%, curves of transmittance versus wave-
length were plotted. These curves are shown in Appendix A, Figure 2. 
The samples obtained represent various stages of production melting 
during a period when complete reduction was being experimenta~ly 
attempted. This problem of complete reduction became apparent during 
q 
the first large vollDile production melt by Corning. The· inability to 
maintain or control the reduction presented an excellent opportunity 
for ·evaluation of the effects of reduction on the transmission charac-
teristics of the glass. Once the transmittance characteristics were 
established, then the effects of time could be evaluated. 
Sealing Time Procedures 
In order to evaluate the effects of transmission on the ability 
of the glass to absorb heat· energy, two experimental sealing facilities 
were used. The first equi~ent utilized resistance heating techniques. 
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t . 
An assembly head for sealed contact manufacturing was used. The glass 
. . 
• Q, 
melting source consisted of a .050 of an inch diameter tl1ree turn 
·~ .. 
platinum-·rhodium coil with an internal diameter of .218 of an inch. 
' 
. •·i 
·:~;.• 
' :°" i1' 
... ·~··-, '' 
d 
Power to the coil was supplied by· a transfonner capable of delivering "/ 
three volts at 55 amperes. The samples of glass to be evaluated were 
~ 
. 
formed into glass tubing having a .150 of an inch .diameter with a nom-
II 
inal wall thickness of .025 of an inch. 
·- The seJ1.ling procedure involved placing the glass ·tube in position 
as /shown in figure 1. Using a stop ,vatch, it was possible to determine 
the exact point of glass flow when contacting the metal. A cobalt glass 
shield -had to be used for eye protection during the time trials. The 
results obtained were categorized as to the percentage of total iron 
.,,~ in the first group, namely 0%, 2%, 3%, and 4%. · Twenty readings were 
recorded. The second group was classified by its transmittance charac-
.... · .. 
,. ' 
l 
teristics detennined by~th~ iron oxide ratios. Tiie composite data 
appears in Appendix B. / 
The second set of conditions for sealing time evaluations was 
obtained through the use of i.Iifrared sealing equ~pment. _This equip~ 
ment consisted of a modified resistance coil sealing head. The coils 
. were removed and an infrared sealing lamp was positioned at the focal 
point of a parabolic reflector. The glass tube was located at the 
•. 
second focal point. The infrared bulb.consisted of a 650 watt' tung-
sten-iodide filament quartz bulb capable of reaching extreme teJilpera-
tures above . 2000° C. The effects of the various ·glasses on sealing 
time were again experimentally evaluated. The procedure for recording 
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~ 
the sealing time· was· similar to that followed using the resis~ce r ~ 
co.il he~ting techniques. Both groups of _glasses were' tested and the 
r~_sults appear as part of the sealing time data in Appendix B. After_ 
.. 
the seals~have been made, they must be evaluated for condiitons of 
stress. The procedure is outlined~in the next section. 
Seal Stress Procedure ( 
Stresses are produced in glass-to-metal seals after the sealing 
operation. These stresses are due to the difference in the thennal 
coefficient of expansions of the glass and metal and also due to the 
rate of cooling of the seal. More rapid cooling induces higher stresses. 
( 
The stresses may be either tension or compression, depending upon the 
"-· _,-/ 
I 
factors mentioned and upon the type of seal. Glass never fails in 
compression; it always fails under tension. Tl1e mecl1anical strength 
of a seal can usually be detennined by measuring the stress in the 
seal. 
""\ 
Due to the birefringent cl1aracteristics of glass, the stresses 
can be measured wlth a polarimeter. , The polarimeter is an apparatus 
that gives an indication of the algebraic difference between the hori-
zontal and veritcal stresses at a given point. The ~quipment used for 
~his procedure utilizes a quarter-wave plate iri conjunction with an 
.,. .... 
analyzer that can be rotated. The rotation of the analyzer is directly 
. proportional to stress. The reading of the analyzer is known as a 
"retardation" reading given in millimicrons~ Theo stress can be stateq: 
as: 
,_ ...... 
.. 
s = Ji 
LC 
.. 
·' ,,. .. 
.~ 
~ 
... ,. ··-e·--·--·,r----,,. 
'· II 
_'/:, 
\ 
............. 
,' r 
.· 
'• ' 
., 
.. 
r.· 
; 
·' .. ' . /· 
where S = .~tress,-;··kilogram~ per square millimeter -; · 
R = Retardation, millimicrons 
C = Str~ss optical coefficient 
·., 
L = . Length of light path through the glass 
17. 
~ The retardation is generally given in degrees when ___ stress comparisons 
' '. ·> 
' 
are made between groups of glasses. • 
' Twenty seals were made from each grcup of glasses using both the 
. ti' 
· coil sealing equipment ~d also the infrared equipment. Each unit was 
· first immersed :in a _liquid having ·the same index of refraction as the· 
lead alkali glass. It was then possible to measure the stress in the 
seal using the polarimeter. The seals had a pattern as shown in 
figu.re 2. Readings for the maximLnn stress at eacl1 point were recorded 
( 
for the top seal. There were two readings £ran eacl1 seal since the 
outer wall was in canpression and a tal}gential stress existed at the 
glass-to-metal interface. 
'lbe readings were grouped by total iron percentages, transmittance 
properties ana by sealing techni,ques. T11e seal stress data appears 
in Appendix C. While the degree of stress usually indicates the 
mechanical strength 9£ a seal, a more J)OSitive test is the time-forte -
. test. This test defined as a creep,· test is described in the next 
·section. 
Creep Testing Procedure 
,. 
- . ~. 
' r r 
., 
... 
The mechanical strength of a seal can effectively be detennined 
.. through the use of a test camnonly referred to 'as. "the creep t,est" 
developed by the Bell Laboratories at West Street, New York City • 
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. . 
This test uses the procedure of holding the gl¥s and· applying a kn91/lll 
• . . . 11 
J '"~ • , , • .,.,. I 
force to the ,,lead for a predetennined -1ength of time. · After removing 
the force, the seal is then leak tested through the use of a teclmique ~-
called radiflo. ·rhis radiflo technique u.ses the principle of applyiri~/ ~ 
90 pounds of pressure to the external part of the se~l by means of a 
radioactive gas. If the seal is defective and leaks, the gas will 
. 
penetrate to the/inside and can be detected with a Geiger co\lllter. 
Using the ·creep test and radiflo procedure, twenty uni ts. were 
tested £ran eacl1 group of glasses. The creep testing was perfonned 
.. / 
... 
with weights of 1three, five, ~and seven pounds applied for a period 
· of three minutes. Each test was performed separately. Upon testing 
~ at three powids for three minutes, all the W1its were sent to radiflo 
for leak detection. The units that did not fail this test were then 
tested at five pounds for three minutes and then at seven pounds. 
The data for each group is listed in Appendix D. 
--..... Summat'y '., \ 
• . D • 
Using'the tests described in this section, it was possible to 
evaluate the statistical significance of the Qata collected. The 
results of these evaluations are described in the next section. 
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IV. ANALYSIS OF EXPERIMENTAL DATA 
. -
The data collected as outlined in the previous section is stmi-
marized in the appendix section of this report.' Appendix A shows the 
results of plotting transmittance versus wavelength for the various 
glasses. Figure 1 shows the .,comparison of the 0% to 4% total iron 
, glasses. For comparison purposes, the ,vavelength of one micron was 
--
chosen. The transmittance of \he ~% or clear glass is 92% over _a wide 
spectrum. Doping .of 2% iron dropped the transmittan~e of the clear g~-
glass to 32%. This represents a. substantial decrease in the transmit-
tance. Additional doping of 3% and 4% dropped the value to 16% and 
., 9% respectively indicating that an increase of iron does decrease the 
'II 
transmittance. 
I 
The second set of curves shows the effect of iron oxide ratios 
on transmittance. In each case, the total iron was 3%. An increasing 
amount of ferrous oxide dropped the transmittance considerably. In 
order of increasing ferrous oxide, the glasses measured at one micron 
were as follows: -
l· 
........ 
,., 
936FF - 38 % 
936FS - 16.7% 
· 936FT - 9.4% 
9362 - 6.0% 
\ 
.-::---. 
The glasses 936FS and 936FT are listed at only one wavelength. There-
fore, in order to expedite the evaluation, the canparison point of one 
' . 
micron, was again used. Results indicate that complete reductio~ yields 
srt'7 
the lowest transmittance. A,consider~le range of transmittance isl. 
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. . ' 
obtained by varying the degree of reduction which detennines the ratio 
-
of divalent to trivalent iron oxides. 
-\ 
l 
. The statistical results of the seal_ing time and sealing stress 
"' 
' 
data gathered in tl1e previoJ.(s section are shown in Appendix E. Both . 
the F test and the t test were applied. These tests were. evaluated 
jointly because of the importance of the mean values and the variability 
'.. -----
of each run. The mean is important. in both the time and the stress 
bec~use this is directly related to the speed of the .. sealing operation 
.. ,,,, 
as well as the strength of the seal. The variability is important in 
that it is an indication of the type of control obtained for each 
condition. This becomes quite important where.high reliability devices 
are involved. Because of this, the F tests were compared in pairs. 
1ne number of degrees of freedom for the F test comparison was (n-1) 
or 19 in cases of 20 readings. The number of degrees of freedom when, 
making t 'test comparisons was (rt+n-2) or 20 + 20 - 2 = 38 in cases of 20 
readings each. 
Appendix E, table 1 shows a comparison of the statistical data 
from 0% to 4% total iron using the· resistance coil~ Fran 0%Fto 2% 
there is an 11.45 second difference .in the average, however from 2% 
to 4% the greatest difference is 1.81 seconds. The.time for the 4% 
' total iron was 2~.-87 seconds compared to 24.32 seconds for the 3% 
.I 
' 
total iron. This is believed due to the fact that the 4% has a ten-
. 
dency to ~issipate the heat more rapidly. A comparison of the F test 
of the 2%, 3%, -and 4%' against the 0% shows significance in the stand-
ard deviation at the o:s% probability level only in the 4% glass. A 
sequential comparison of 2%, 3%, ando4% shows a significance at the 
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~/ 1.0% level for 4% against 2% and at the 2.5% level for 5% against 4% • 
....._ 
A canparison of the t test shows that tl1e 2%, 3%, and 4% averages are 
significantly different than the 0% glass at the 0.1% probability level. 
I 
The mean.difference between the 2% and 3% significant at the 0.1% • 
. The 3% glass being the faster sealing glass. 
. "" 
A comparison of the 3% total iron glass at varying reduction r ... 
~) '<--:~ .. 
, is shown in table 2 of Appendix E. The average sealing time decreases .;~ 
as the transmittance decreases except for the 9362 glass,. This dif-
ference of O. 39 seconds is within the human error in the time measure-
ments. In each of the four groups of glasses, none of the F tests 
indicated significant differences in the standard deviations. However, 
a comparison in reducing transmission shows significance at the 0.1% 
probability level in each canparison. 
time. 
This is due to the decreasing 
. 
'--. 
'Ihe results from the infrared sealing time experiments are listed 
in table 3 and table 4 of Appendix E. Note that in the 0% glass, a 
~ 
complete seal was -not established due to the reduced time cycle. With-
out a statistical comparison, it is evident that a significance does 
indeed exist between the average sealing time of the 0% glass compared 
to the 2%, 3%, and 4% glass. A significant difference between the 
" 
n 
standard deviation between the 2% ~~ 3% glass is indicated at the 
0.5% level. Significance at the 0.1% level is-indicate~ when comparing 
f the means of the 3% and 4% glass against the 2% glass. Notet',that 
again. the 4% glass had an increasing time average similar to_ that 
indicated in the resistance heating results. 
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A canparison of ~the 936FF glass sl1ows that a significant dif·-
, \ 
ference exists only between the 936FT glass at the 1.0% probability 
·· level in the standard deviation. While the Ff· glass has a lower 
spread, there is a significant difference in the mean of 8.12 seconds 
against the other .means at the 0.1% level. This is due to the llll.lCh 
--~ 
higher transmission. As would be 'expected, a significant difference 
ID. .. the mean is also evident betw~en the 936FS glass and the 936FT, 
/ 
9362 glasses. However, it should be noted that there is no significant 
/ difference between the mean of the 936FT glass and the 9362 glass. 
; ,:::,, 
This tends to indicate that as the transmission approaches a maximl.Dll, 
the average sealing time does not vary very nuch. 
Sealing Stresses .. 
A canparison of the resistance coil sealing stresses for both 
groups of glasses checked shown in Appendix E, table 5 and table 6. 
In the 0% to 4% comparison, there was significant difference in the 
standard deviation comparing all groups. However, there was a 
significant difference in the tension comparison of tl1e mean of the 
0% glass against the other three groups. The mean of 2.55 degrees 
was quite low. This is due to the much longer sealing time and 
. 
slower ~ooling time. While the stress in tension is higher in the 
doped glass, critical calculations show that stress below 25 t9 30 
.. .,... 
degrees is quite safe. There was no significant difference between 
. 
the means of the 2%, 3%, or 4% glass in tension. A look at the com-
pression comparison shows less signi~icance between the glasses • 
.. 
1J1e mean of 12.05 degrees in the· 0% glass compared to 13.55 
··. 
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' 
~grees of the 3% glass is only significant at the 5% level. ··This 
indicates that the relative heating between the metal and reed inter-
face is the most critical as shown in the tension comparison. 
A compariso;\f the 3%- glasses is shown ·in Appendix E, table 6. 
e The 936FS glass has the lowest deviat~on when compared to the other 
\,_ 
group~ __ .,.,in both tension and compression. The mean of the 936FS glass 
appears to be misplaced. It's transmittance characteristics indicate 
that, it should have ·a lo,ver ~ean than either of the last two glasses. 
There is no explaination offered ,for this. There is no significant 
difference in the spreads of the four glasses ·when comparing compression. 
_ In both stress ~onditions, the lowest transmittance glass (9362} had 
the higher mean. 
Appendix E, table 7 sl1ows the statistical results of the 0% to 
..- 4% stress levels using the infrared technique. There is no indication 
of significance among the spreads of the three glasses. Again, note 
-~ W1 
;:;7 
that there is no comparison against the 0% glass since it did not seal 
"'¥,·.._. 
in the maxinllm time of. the equipment. There is a significant difference 
~tween the means of the 2% and 4% and also the 3% and 4%.. The average 
stress level in tension was 5;6 degrees. The compression comparison 
~ ~.9-
tends to verify the results that little or no significant differences 
exist in tl1e mean value. 
Appendix E, table 8 -shows the results of the varying 3% ~e~l ing 
stresses. The 936FF glass had the highest mean value and the greatest 
,• 
variance. The variat~on may be due to the highe~ transmittance and 
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~he inability:~ o:f ~he glass to absorb ~the ,:infrared energy· consistently. -~~~~..,.,;; ~ ,1' \· 
-
.-
' i: 
. 
l . There is littie difference when comparin~. the 936FS, ~36FT, 9362 glass. 
. r 
Creep -Analysi~ 
:· •. e' 
, i-., 
0 ~ 
·Appendix·~' tables. I thrt>ugh 4 list the results of the creep • 
test for seal strength. While there is a slight difference in the 
seven pound load testing, this is not cause for concern. Large 
amounts of data gathered at the seven pound load indicate that there 
' tends to be a h.igher rejection rate. T~is data is being gathered in 
.,·, 
an independent evaluation using both clear and doped glass. The 
·reconmendation of this independent investigation body has defined the 
five pound load a~ the ~stablished test parameter. This is the point 1 
established as an indication of poor seal strength as shown from their 
testing~ 
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V. MANUFACTIJRING CONSIDERATIONS 
-The development of iron ·aoped glass promises to have a consider-
able effect on the techniques for fanning glass-to-metal· seals. The 
ability of the glass to absorb radiant energy greatly increases the 
efficiency of the sealing operation. The data collected comparing 
J sealing times shows the decrease in time. Iron doped glass has "opened 
r 
. ·,, the door'' for sealing \vith infrared techniques. Tlfis inf.rared technique 
would be of no value without the use of doped glass. 
' ~ 
l 
\ 
Perhaps a better idea of the effects of the introduction of such 
a glass into a manufacturing process can best be illustrated in a brief 
discussion of the 237a sealed contact manufactured at Allentown. lbis 
section will deal .specifically with manufacturing effects while the , ' 
· next section will deal with the economic considerations. 
The sealed contact consists of two iron-nickel reeds and a glass 
envelope shown in figure 2. Clear glass sealing was perfonned on 
manual heads using resistance type heating. The assembly cycle was 
72 seconds; however, with the initial introduction of the iron doped 
glass, the ass~bly cycle was reduced to_ 50 seconds. This represen~ed 
a 38% reduction in assembly time. Additional development effort was 
I 
expended and a 45 second cycle is now in operation. This represented 
1, 
·- I -~" 
an additional -increase in the output of the ·equipment.. The only change,., 
that was necessary to convert the equipment was to introduce the pro-
per timing gears to each head for providing the reduction. Product 
'yield) and individual parameters were cOil'lparable to equivalent prodµct 
assembled using clear glass. 
'_...._. .. 
'!to,:. 
• 
'\; ' 
. ' 
•• > 
' .-
.. 
... - . 
. 
I 
t 
. 
' r 
' 
I J 
',, 
. 
.. , 
\ 
\ 
...... J' 
, 
\ 
.... 
.... ···--··""\, 
• 
.,. 
.... , •.
. , 
,· 
::,, 
/ 
. .,. 
... 
"" 
, I 
. ' 
-~ . .  
27. 
\ 
While ~considerable time savings was achieved using resistance 
,. 
~ 
. heating, the most significant manufacturing change was the introduction 
... 
of Lqfrared sealing. From the sealing time data, it is evident that-
infrared sealing can be accomplished in considerably less time than ~ 
-
, . 
with resistance heating. (Two very important,equipmen,t changes re-
I.~.· 
sulted from the doped glass. The first change occurred on the mech-
• -anized facilities. The mechanized machine containing 32·manual type 
heads assembled Wl.its for every complete revolution of.· the indexing 
"'' 
. . . 
table. \ Through the use of infrared, it wa:s possible to add another 
.. loading station to the machine. This changed the characteristics of 
. 
the machine and a unit was assembled every 180 degrees or one-half ,a 
revolution of tl1e t,able. This change doubled- the output of the 
original equipment. 
The second change included a complete redesign of the mechanized 
assembly equipnent. Instead of the 32 head machine modified to 
accommodate infrared, an 8 head machine designed specifically for infra-
red was constructed. This machine eliminated some of the problems 
I 
' \ 
encoW1tered in converting the coil machines. It is planned to intro-
· duce these machines on a cost reduction basis. 
The next ·section will deal with the effects of the glass and 
equipment changes on the overall product cost. While this discussion 
\ 
covered a specific product, the doped.glass and the techniques~£ 
I "'-··I\ ' infrared sealing are applicable to_many sealing situations • 
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VI • ECONCMIC CONSIDERATIONS 
Q 
From the previous section covering ma,nufacturing considerations, 
\ 
one can visualize the .£,effects on product cost. In order to show more 
specifically how this change· can affect. product cost, a detailed I 1· 
' . 
·.,.r 
"'' 
-1° . investigation was conducted covering tl1e various machines used in 
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assenbling th~ sealed contact. The machines are as follows: 
-, 
1. Single-ended machine ... - resistance l1ea ter coil\ 
2. Double-ended infrared machine 
''·'\-
3. Eight-head infrared machine 
The first machine is th~ standard machine used for clear glass 
i 
assembly. The second is a modified single-ended machine adapted 
IJ 
for iron-doped glass. The eight-head machine is a completely new 
concept. 
""· Most of the products made at Western Electric are manufactured . 
by a series of operations perfQnned in sequence. To provide any 
· given level of manufactur.ing capacity for the product, an engineer . 
. 
must provide facilities having a capacity that is at least equal to 
( 
... 
that level~ for each operation involving the shrinkage factor. Annual 
capacity for any facility can be stated in tenns _oj the amoW1t of good 
. . 
prqduct that can be marrufactured on that facility each hour and the 
. . -. 
number. of hoµ_rs available .for manufacturing. This general relation-
\ 
· ship is as fo~lows: ~ 
.. 
' ( 
·,. 
· Annual capacity = Good uni~/hour x. total available hours annually • 
The ntunber ~f go~d units can be subdiviqjd into the following:· 
Good units/hour -- E-IO x Efficiency x Yiel~ 
. [ 
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It • based 15 where Filo is the expected hourly output of a facility. 
-· on personnel ,,exerting nonnal work effort ~d pe.rfonning, s~ch ,1ork with 
a 
J , 
nonnal prof iCiency. The Secoild factor in the ~n~~d units/ 
hour is efficiency. The efficienE)" implied in the detennination of 
FHd is 100%. However, in particular cases the actual efficiency may 
. . . 
differ, being somewhat lower during facility prove-in. · The third item 
~"- . 
listed is yie~d, and this is dependent upon the nwnber oftdefective 
units obtained. Th.i~~- briefly defines the itenn "good units. per hou-r". 
As stated· earlier, ~~pacity is also dependent upon total ,vail-
'"\..._ 
able hours. In this particular stuc{y the total available hours for 
~ 
each machine were defined~ The total IU111lber of available hours per· 
~-
person is ·1, 930 considering personal allowan...ces. However, each ma.chine 
./' 
has non-productive,· hours as shown below: 
. ., 
\. 
Item Si~le-end 
.,. 
Double-end 
8-Head · 
!~rareg1i 
l• 
1. . ( Set up and clean 
2. Maintenance 
3. 
.fl' 
Waiting time 
-- -4. Machine adjustment 
.,.... 
Total non-productive 
Total available hours 
185 
200 
0 
200 \ 
585 
1345 
185 
300 
j 
0 
100 
585· 
1345 
125 ~ , 
140 
0 
60 
325 
1605 
It can be see~ that the eight-head i.D.frared machine due its less 
complex design and fewer heads (8 versus 32) provides 
1
more ~vailabl~ 
.. . 
hours.· 
., 
. "·~· I 
The ·next tabulation shows the various cost factors· cons-idered · 
in this evaluation. 
,../ :.-
-. 
. ' 
• 
..,. .• 
- ' 
' 
-~ 
'Cl 
' 
.... 
' 
: 
\., 
(• 
. ..., ~ .... 
I~~ 
l 
I 
I 
I 
l 
l 
J 
! 
j 
.. 
., 
i 
·, 
·, 
~j 
!.. 
J 
l 
/ 
"·· 
., . 
. \ 
SEA.LED CONTACT - FACILI1Y S'IUDY 
' 
Cost Factor~ 
Machinery Initial 4 a/c 
Hourly Output - Machine 
ivlachine Capacity (SD -- 2S) 
Machine Yield 
Actual Machine Output 
People: Hd. Setter 
Operator 
Proc. Checker 
Ma.int·. /i'1ach. /Shi£ t ,', 
t 
Head Rebuild - every S years 
Coil Cost,/rvlach./Year 
\ 
~ Cost/Mach./Year 
No. Machines for 30.million 
Ma.int. Material & Expense 
· Supplies/l\iach./Year 
j 
.~ . 
\ 
Engineer Development Expense 
Floor Space - Ft2/Mach. 
Rate of Return 
.. 
Single - Ended 
Resistance Coils 
Approx. $200,000 
Approx. 1200/hr. 
Approx. 3,240,000 
74% (estimated) 
Approx. 2,400,000 
1/2 
1 
1/2 
1/2 
' 
'';:) 
$20,000 
$300 
Q, 
$2,000 
0 
120 
30% 
.. . "-
- . -,, 
-( 
Double - Ended · 
Infrared 
~rox. $235,000 
Approx. 2400/hr. 
Approx. 6,480,000 
74% (estimated) 
Approx. 4,800,090 
./ 
1 
u 
1/2 
1/2 
$20,000 
"' 
0 
$225 
-~ 
$3 ,ooo· 
,,. 
$20_0,000 
135 
30% 
"' . 
\ .. 
'\. 
t· 
-~ 
- ~- r • • • ~-
• i 
I --
Eight - Head 
Infrared 
Approxo $50,000 
, AppTOX. 900/hF. 
Approx. 2,900,000 : 
74% (estimated) -
< 
Approx. ~,1so,ooo 
\ 
~-
:.1 
: 
~ 
~ 
1/4 
0 . 
·~ 1/4 
~-
~ 
1/4 
0 
0 
$150 
\ 
14 
-$1,000. 
$200,000 
v' 60 
3,0% 
./ 
p 
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-4 The ·asslUlled life of product and the machinery is considered to 
\ I 
\ 
·-----
be ·fifteen years. A-. thirty percent rate of retu~ 1>n investment (be-· 
for~ truces) was used for this study. ~ TI1e "factors for yearly cl1arges 
on the facility study ·as shown i~ Appendix F are listed below: 
., . .J.~ ,,. 
Line 1: I\iachinery .. - Investment factor of • 275 for 15,. years. 
L'ine 4: Tools - Investment factor on .397 for 5 years. 
~ - . 
Line 9: Engineer Expense - .. Annuity factor of .171 for 15 years. 
-
Line 15: F~oor Space·~ - $5.00 per square foot per year. 
·"\ 
Line 17: Fixed Maintenahce - Actual cost used. 
, 
.. 
Line 19: Other miscellaneous expense - Actual cost used • 
l 
' Line ,lzs: Total of all charges. · ._.,._ 
Line 26: niscount factor for each year of_ study starting with .870 • 
.. . 27: Line 
"-... 
Line 28: 
Line 29: 
. 
Total of all charges multiplied by discount factor. 
, 
Annuity factor for study period which is .171. 
Present worth times aruruity factor. 
~ The cost study was calculated for a mul ~i-million level program 
/. -- . 
per year. From the data, the following relative costs were' obtained ~ 
(single ended as base): 
. . . " 
Single Ended Resistance Coil Machine 
,· 
Double Ended Infrared Machine 
~Eight Head Infrar~d ~1achine 
(• :,,,., 
100% per 1,000 units 
41/100% per 1,000 units 
35/100% per 1,000 units 
As indicated on the percentage basis, a considerable cost saving 
/ . ~ 
£ran the initial single ended machine is obtained. For a nrulti-million 
program level per year, the savings are considerable. ·Tirus, the impor-
r 
tnace of the iron doping becomes quite evident and quite conclusive • 
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VII. - CONCWSIONS 
-
'. I 
, .') 
Anc!lysis of the data has shown that the transmittance of the 
' . 
33. 
glass decreases as the iron content increases. The clear glass ·had 
a value of 92% canpared to 16% transmittance for 3~ iron doped glass. 
TI1e data also shows that varying degrees of iron oxide reduction 
keeping the total iron constant has a great effect on tran~ittance. 
This ratio of divalent to trivalent iron oxide is the most control-
ling factor as shown by the range. of .38% to 6%. Increasing divalent \\ _,,;' 
ir~n oxidJ\decreases the transmittance. 
~- . 
-The sealing time is significantly redu~~ du_e to iron doping. 
The time decreased from 37.59 seconds to 24.32 seconds for 3% doping. 
I 
while the infrared sealing time was 6.99 seconds for the equivalent, 
doping. The 4% total iron glass had the lowest transmittance at 9%; 
however, the sealing times were higher than in any other group. This 
indicates that too nuch iron may have a negative effect. 
The sealing stress data does iniicate a significant increase in 
the tensile stress around the seal interface. The clear glass had a 
·value of 2.55 degrees retardation as compared to 7.55 degrees for the 
3% doped glass. ~\lhile this increase is significant, the critical 
stress value from previous exper:i.Jnents has shown the value to be about 
30 degrees. Since the 7.55 value is well below this, there is no 
concern because of this increase. 
The introduction of this glass for manufact~ring has yielded two 
important changes. Due to the decreased sealing time, equipment 
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outputs have increased and simplified assembly processes are· being 
---~· developed. In addition, the effeCt on product cost has been consider-
. 1 ' 
I 
able. The cost on a sealed contact unit manufactured by the Western , . 
Electric Ccrnp.iny will drop fran a 100% base per 1,000 units to 35% of_ 
the base per 1,000 units. 
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VIII. RECCMt1ENDATI0NS 
The development of. iron doping of lead glass most certainly. 
warrants furtl1er studies in the area of· the interactions of total 
iron versus -iron oxide ratios. l~ile this'report_covered variations 
for only the 3% level, canpari~ons of reduction should be made for the 
,.,.i.· 
2% and the~ 4% level. By keeping the same transmittance values at 
each_ level, the interactions between total iron and iron oxide r~tios 
may be evaluated. This could lead to the developnent of an o·ptinu.Dn 
iron percentage and a given iron oxide ratio based on transmittance. 
The studies that are now being conducted for doping soda-lime 
glass (lead free) and borosilicate glass should continue. Tile doped 
lime glass could offer the advantage of reduced cost due to the ab-
sence of lead. In addition, the vaporization of lead presently exper-
ienced with l_ead glass should be virtually eliminated. Doping of 
barium lime glass should prove to be exceedingly attractive to the 
lead glass users since it has arm.ealing and strain points very close 
to those of lead glass • 
... 
Further effort should be exerted to detennine other applications 
for tl1e infrared sealing using doped glass. Areas such as tenninal 
~ 
and stem sealing should be investigated and what are the sealing 
effects of using this glass in muffle type furnac~s. 
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(Time in Seconds) 
0% 
37.0 
35.9 
36.2 
36.4 
36.2 
. 38.0 
37.2 
39.2 
37.3 
38.2 
39.0 
39.4 
38.4 
38.0 
37.6 . 
38.2 
36.9 
37.4 
. 38.0 
37.2 
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Total Iron 
2% 3% 
25.2 
25.8 
26.9 
25.6 
26.9 
25.8 
25.9 
28.3 
26.7 I 
25.9 
26.1 
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.~ 26. 9 
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25.9 
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Sealing Time-using Resistance Coil 
3% Total Iron 
(Time in Seconds) · 
Code Code Code 
936FF 936FS 936FT 
27.2 26.5 24.2 
26.5 26.3 23.9 
26.9 25.3 25.1 
27.1 25.1 24.6 
~., 
27.2 25.0 25.0 
27.0 26.0 24.4 
26.9 25.7 23.7 
25.9 25.8 24.3 
· 26.S 25.1 24.0 
27.1 2S.l 23.9 
26.9 24.8 24.7 
Z7 .O 25.0 23.7 
25.4 25.3 23.2 
27.3 25.1 24.1 
27·.2 25.0 23.9 
26.7 25.2 23.5 -
26.5 .26.2 23. 7· 
27.3 25.7 .. 24.1 
25.9 25.4 23.9 
26.8 25.3 23.9 
.i 
"· 
r 
•..:. . 
.. : 
\ 
Code 
· 9362 
25 .. 9 
25.4 
24.1 
24.0 
25.8 
23.9 
25.1 
I 23.7 
25.0 
23.8 
24.6 
24.1 
24.3 
23.7 
24.9 
23~9 
24.2 
24.4 
23.9 
' 
.. 
24.8 
l . 
l 
' I 
.. 
'· 
............... 
J I 
., .. 
Run No. 
/ 
l I 
1 
2 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13, 
14 
15 
16 
17 
18 
19 
20 
., 
_, 
APPENDIX B 
Sealing Tmie Using Infrared 
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Sealing Time Using Infrared 
3% Total Iron ; ':Y· 
.f 
(Time • Seconds) m 
...... 
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Code Code Code Code 
936FF 9.36FS 936FT 9362 
8.3 7.3 s.s 6.1 
8.2 7.5 ,5.7 s •. s. 
) 
8.7 7.3 5.7 s .. ·S: ........ 
8.0 ·7 .• 3 5: .• 5 :i :5: •. 5 
7.9 7.5 s:.~.:s. 5.3 
8.1 7.1 s: .•. :1 s.s 
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.s.·o· 7.1 S-7 .•.. S.l 
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Sealing Stresses (Coil) 
(Measured in Degrees of Retardation) 
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APPENDIX C 
Sealing Stresses ,(Coil) 
(Measured in Degrees of Retardation) 
936FS 936FT 
Tens. - Comp. Tens. - ··Comp. 
10 14 2 10 
10 14 9 10 
10 17 9' s· 
10: 
... ··-. 
.1·4 1-' .a 
1.Q:, 13 ,g, 
... -· 
10: 
:1·0 14 1 :g. 
10 14 7 lO: 
10: 13 '8. :g· 
:9 14 9 :11 
8 12 '6 :·10 
:9 15 ,· 7 10 
1.0 13 6 11 
10 
.... 14 6 11 
. . .,, 
1:0 14 11 12 
9 14 - 9 \ 11 
9 16 8. 8 
9. 13 :-9,. 8 
,.9.· 12 ··s 12 
·1:0: 15 :·6. 11 
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•,. 10 12 8 .12 
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Sealing Stresses 
(Measured in Degrees of Retardation) 
. ) (Infrared) 
936FS 
Tens. - ComJ?. . Tens. - Comp. 
. 6 .. } 10 
10 12 
·:6 14 
:g:.: > 18 
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Group 
0% 
2% 
3% 
:ot· 
;2% 
3% 
4% 
:o:%. 
2% 
3% 
4% 
.. 
.-r· 
Load. 
3# 
3# 
3# 
311 
5# 
5# 
5# 
5## 
7# 
7# 
7## 
7# 
. I 
1 ., I APPENDIX D - Table I 
· - Creep Test Data 
0% to 4% Total Iron 
(Resistance Heating) 
Time 
3 min. 
3 min. 
3 min. 
3 min. 
3 • nun. 
3 • nun. 
3 . min. 
3 • mm. 
3 • mm. 
3 
. 
min. 
3 • min. 
3. • :min-.-
. . . 
Qantity 
10 
10 
10 
10 
10 
l'O 
1·0 
_l'O 
10 
10 
10 
8 
I 
,._.) 
. 
. 
, .. 
I 
.f,~, 
t ... , 
.J 
Rejects % Rejects 
0 0 
0 
tr, 
0 
.0 .o 
:o -o 
·O ·o 
0 0 
0 0= 
·o. :o.' 
' 
.0 :0 
0 ·o 
0 .0 
2· ·2-s·t. 
,. 
);¥;!,-~'.': ;''~,', '.' •. ,.'.': .. -· . ;~., -•.\-.. .' ~~~~~-',\,~.:'fil<.'C,.,'~,'.,;j,(,W,i,,j?',J.,;.A4,;,;,;.;,~,;:-;;;~~~-tf;.-c\aJ'c,",~..,.,"'1C,W,>n<"'1o•;<----';'"'""'',-_"''"'"--"••"u..-f,,,_,..,,~~~"'""~'7',,.,,,:;C:i\';;,'c./_!
1
'.)'/\;;;;.i\f/;;;,l';i,~/}:'),;'!h/j///iJ;;((i,:.;,\(t';/(;),iJ{,t,\·1,,;,}f/'.,:~:i;,,· 
I 
:1.· 
i 
•. l 
(-:: 
I 
Group 
·. 936FF 
~ . 936FS 
936FT 
. ,. 
9362 
.. 
'• 936FF 
936FS 
936FT 
9362 
936FF 
936FS 
936FT 
9362 
.··., ... ,~,. 
Load 
3# 
3# 
3# 
3# 
5# 
5# 
5# 
5# 
7# 
7# 
7#1 
7# 
., 
... 
I 
/ __ 
APPENDIX D - T~bl·e 2 
Creep Test Data 
3% Total Iron -l' Varying Reduction_ 
(Resistance,, Heating) 
Time 
3 • min. 
3 . J1ll.J1. 
'\ 
3 • t mm. 
3 • min. 
3 • mm. 
3 • min. 
3 . mm. 
3 . mm. 
3 . mm. 
3 • mm. 
3 • min. 
3 • mm. 
~tity 
- I 
10 
10 
10 
10. . ,. 
10 . __ ' '.' . 
liO 
10 
10 
,t. 
.. 
10 
10 
10 
10 
\ 
, r, ! 
Rejects 
"'.> 
{1 
:: ' 
' 
0 
0 
·o. 
.Q: 
Q: 
O· 
·o: 
·o· 
3 
0, 
0 
2 
f ,. 
.so. 
'. 
i 
,-. 
1· 
( 
% Rejects 
•.' I, 
I 
0 
0 
:o.-
. . 
·o 
,:,. 
'O 
~ 
:.0 
,0\ 
:O 
' . 
, : 
I 
. I 
i 30% ' I 
. r 
·: .. •; .. _ 
0 
' I 
0 
20% 
\ 
., 
.,..,,· 
./ 
i.1,·· 
// 
.~. 
·Group Load 
' 2% 31# 
3% ! 3# 
4% 3#·· 
,....,.-
2%. 5# 
3% 5# 
4% 5# 
24 D 7# 
3% 7# 
. . 
4% 7# 
-~-
•••.•• 1 •• 
. I 
APPENDIX D - Table 3 
Cre~p _Test Dat·a 
2% to 4% Total Iron 
(Infrared Heating) 
...... 
'I; .... 
Time Qumtity 
3 . 10 min. 
3 • 10 mm. 
3 • 10 mm. 
.... 
3 • 10 mm. 
3 • 10 mm. 
3 min. 10 
3'. • 1:0 .. mm. 
3 . . 10: min. 
... 
3 • 1:.0· mm. 
J 
·,, 
... , ~ 1 •. 
·51. ... 
. I 
i: . 
•• . 4 
I 
,, 
.. Rejects 
' 
Rejects .•' .~( 
0 0 
0 0 
o· .o \ 
0 9 
:0: 0 
:0 0: 
,., 
~ 
\ 
. 
-
0 0 . 
·o· . .• 0 
.Q: 0 
I 
'•.· ,·.,· .-;jl,'].r.::: I l..l"JMj, '~ ~' T, ,' , • , ., , • • , t ~ , 1 , , 
.. 
I 
,. a I 
.;....~· 
Gr~µp Load 
936FF 3# 
936FS 31 
936FT 3# 
- 9362 311 
. 
936FF :s·k 
.. 936FS 511 
936Fr 5## 
~· 
9362 5# 
936FF· 7# 
936FS 7# 
936FT 7# 
" 
9362 7# 
"·t·· 
..... 
:, 
it,. 
"~):, i 
~\ \ ~ ..... , .•.. 
l 
APPENDIX D - Table 4 
Creep Test Data 
· .. , 
3% Total Iron - Varying Reduction 
(Infrared Heating) 
_, 
Time (pantity ~jects 
3 min. 10 0 
3 min. 10 0 
3 IJlin. 10 :()-
\ 
3 min. 10 ·o ,•, . 
·--~ 
3 • 10 o: mm. 
3 • 10 :o mm. 
3 • 10 o .mm. 
3 • :1.0 ·o: nun. 
3 • ·:1.0· 0 mm. 
3 • :1:0 1 mm. 
3 . .lO· 0 mm. 
I.'. • 
. 
3 • 1.01 mm. ·0 . ; 
-~ .. 
52. 
=-~- . 
% Rejects 
0 
0. 
:0: 
.. 
··O. 
:Q_ 
0 
Q. 
. •;' 
o-
V 
0 
10% 
0 
o:· 
I• • 
~ ', 1,. ( • • ,,..,. .~ 
·., 
,/ 
' 
i· 
1 
: 
.. 
·v. 
\ 
-,. 
\. 
\J. ' 
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APP E .ND IX 
\ 
Statistical .Analysis 
... 
\ 
L. I 
} . . 
. 
•I 
' 
53. 
'. 
' 
" 
t.:·?." 
·-·-· 
,, 
,r 
,• 
'. ! 
" I 
i I 
I 
' -;, 
', 
.-~ . 
\ 
... 
•'':"' 
-~ 
____ ;/ 
% Iron - a' X 
t 
6 
0 37.59 1.00 
·2 26.14 o.74 
3 24.32 0.70 
I ,' 
APPENDIX E - Table 1 
Sealing Ti.me 
9-%. to 4% '1Total Iron 
\ 
I 
(Resistance Coil) _ _; 
r (a,) 2 . F F t 
' l\\ 
1.008 - - -
0.549 1.9 41.3(d) -
0~487 2.1 48. 5 (d) 1.1 
' 
\ .i 
t 
-
-
6.sCd) 
:4 25.87 0.42 0.177 s.1Cc) 48.3(d) 3.1Cb) 1.4 
NOTE: 
(a) Significant at 2.5% probability level. 
(b) Significant/a~. 1.0% probability level. 
~ 
(c) ·significant at 0.5% probability level. 
(d) Significant at 0.1% probability level.· 
~: 
:· . ', ,: 
.. ": ·,' 
- - q •. ·- - -·, r.·,..-· ~.-;-.~ ... -f';"! ...... 30flf~~ .. '.;i--------'Cf·-... -~-.. ----·.,..-~-~----··-~---·---· .... ------· ...... -...... -----. ,. 
,,,, 
( 
I 
· " • ·-·:···· ....... ----.. ~-_-.. 1~- ...... , __ ~,l .. ,;....J 
... 
54 • 
--· l ,,
F' t 
- -
·- -
- -
z.aCa) s.sCdf 
.-. 
•jj,· ·, 
I 
I 
t ' 
t ' 
I 
I 
' ' 
; -! 
t 
. l 
' :\
l 
i l . 
:l 
\ 
i 
' 
,< ' 
i 
; 
\ .r 
J 
' ' 
\ 
"{ 
,\ 
( 
l · 
I 
.... 
·-··· 
< ~ 
.. 
Group 
936FF 
936FS 
936FT 
,... 
9362 
NOTE: 
I 
{ 
.. ·.,.., 
.,.: 
~.' 
-X 
26.77 
25.45 
24.09 
APPENDIX E - Table 2 
Sealing Time ---
3 % Total Iron - _ Varying Reduction 
(Resistance Coil) 
(a.') 2 4-a' F F t 
0.52 0.21 
- - -
0.49 0.24 1.12 s.z(d) 7 
t 
-
-
0.48 0.23 1.17 16. 9 (d) 1.04 8. 9 (d) 
f 
ss. 
.\.._ ' ,_-~-
·~ --1 
F t 
- -
- -
- -
24.48 0.69 0.47 1.74 12.oCd) 1.96 s. 2C.dJ 2.04 2.1 
(d) ·Signi~icant at 0.1% probability level. None of F tests 
indicate significant differences. 
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APPENDIX. E - Table 3 
Sealing Time 
' I 
i,...:....,_ 
-.~ 
0%. to 4% Total Iron 
(Infrared) 
<-..r fir 
% _Iron -~ X a• (a') 2 F t 
0% 
3% 
4% 
NOTE: 
- - - - -
. 
0.12 0.14 ·-
. 
23.3(d) 6.99 0.24 o. 58 4.13(c) 
7.12 0.1s 0.24 1.71 28.S(d) 
(a) Significant at 5% probability level. 
(c) Significant at 0.5% probability level. 
(d) Significant at 0.1% probability level. 
, ..
' • J 
.... 
56 • 
•' 
). 
:J 
·...J 
.. 
·--p t 
-
·-
::~· 
-
\ 
'" ' 
2.41(a) 2.0 
\ 
[;, 
1f'.'. 
~-
• 
·'1,· 
1. 
' 1·; 
.... 
j) 
' 
' I 
. ( 
. 
• ~~~~~~~-~,~~-·~~--··~~1-··-··-:~-~·•·-~---~~-·~r~:~--••r•-~-r-•-·H-•~.-~-~ .. ~,~•-~~l-•Y~~~~-~-.~~~~~I~~~~~~~~~~--· 
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-
• ,4 •• 
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I 4 • ' 
APPENDIX E·-·rable 4 
· Sealing Time . 
3% Total Iron - Varying Reduction 
" (Infrared) 
Group -X a' (0 1 ) 2· F 
--
t F 
936FF ~8.12 0:17 0.03 
- - -
936FS 7.18 0.17 0.03 1.0 17 .1 (d) -
•' "\ 
\ 
t ---
936FT s.61 b.12 0.01 3.oCb). 56.oCd) 3.o 34.9(d) 
57. 
3 
·,::., 
.. 
-....,... __ 
F t 
-
J 
.- -~ 
- -
9362 5.49 0.25 0.-06 2.0 39.1.(d) 2.0 23.sCd) 6.oCd_) 2.0 
'. ·, ~ 
NOTE: '~ 
'"' 
~-(b) Significant at 1% p,obability level. 
(d) Significant at 0.1% probability level. 
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• .. ·.··.·.·1 
._ 
.. ' 
~/-
' { 
Tension 
Group 
0% 
--- 3% 
4% 
\ 
. . --· ..... 
t APPENDIX E - Table 5 
···--- Sealing Stress 
0% to 4% Total Iron 
(Resistance Coil) 
-X a' (a') 2 
"' 
r2.SS 1.36 1.84 
6.20 1.94 3.75 
7.55 1.85 3.42 
6.00 1.62 2.63 
F t 
- -
\--- ......_, 
2.03 6. 9 (dJ ... , 
1.85 9 .8 (d) 
1.43 7,3(d) 
F 
. -
-
1.09 
1.30 
Compression 
" Group -X a' (a')~ F t F 
0% 12.05 2.11 4.47 - - - \ 
/', 
z·t 13.25 1.54 2.36 1.89 2.0 -
:3% 13.55 2.04 4.16 1.08 z.3(a) 1.76 
4% 11.85 1.18 1.40 3. zo(a) o .4 1.68 
NOTE: 
(a) Significant at 5% probability level. 
(b) Significant at 1% probability level. 
(d) Significant at 0.1% probability level. 
• 
t F 
- -
-
--· 
2.25 
-
0.35 1.3 
t F 
- -
-· -
o.s 
-
43.3(})) 2.96 
\ 
58. 
-
.. -~ 
-
2.8 
t 
-
-
-
3.'2Cb) 
.,,.. .. 
-~ 
.... , 
-\ . 
-
.., 
' i 
f : i 
- I 
! : 
.. ~ /. 
-• I 
\, ... _.:, 
APPENDIX E - Table 6 
Sealing Stress , 
~· 3% Total Iron - Varying Reduction 
(Resistance Coil) 
J. 
Tension 
Group X _g.:_ (a ' ) 2 F t F 
~ . 
936FF 6.55 1.23 1.52 - - -
936FS 9.60 0 .60 0.36 4.2(d) 9.sCci) -
936FT 7.55 1.88 3.52 2.3(a) 2.0 9 .8 (d) ~ 
9362 8.15. 1.27 1.61 1.1 4 .o (d) 4. 5 (d) 
Compression .. 
Group - a, ~2 F F X t 
936FF 11.6 1.36 1.84 - - -
s s c·d°J-936FS 13.9 1.27 1.61 1.1 .. . . . 
-
936FT 10.1 1.36 1.84 1.0 3. 5 (b) 1.1 
8 .3 (d) "' 9362 15.6 1.67 2.78 1.5 1.7 
NOTE: 
(a) Significant at 5% probability level. 
(b) Significant at 1% probability level. 
(d) Significant at O ~1% probability level. 
.\ 
' ...... - ' - .. . ,,. ·-
. .. . . 
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I)•. 
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4. 7 (d) 
4.6(d) 
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-
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3.6(d)r 
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APPENDIX E - Table 7 
Sealing Stress 
0% to 4% Total Iron 
(Infrared) 
I ; 
-- Tension 
' 
Group - a' (a') 2 F X t 
,. 
2% 8.3 1.57 2.46 - -
3% 8.0 1.41 2.00 1.23 0.4S 
4% 5~6 2. 46' 6.04. 2.45 2.93Cc) 
" 
Compression 
Group 
2% 
3% 
4% 
NOTE: 
-X a' F t 
- -12.1 
14.3 
13.2 
1.85 
2.16 
2.66 
3.43 
4.69 
7.07 
1.37 
2.06 
2 .45 (a) 
1.07 
(a) Significant at 5% probability level. 
(b) Significant at/2.5% probability level. 
(c) Significant at 1% probability level. 
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-.-~ APPENDIX E - "Table 8 
~ 
., 
- Sealing Stress 
-3% Total Iron - Varying Reduction 
(Infra.red) 
" .11 
Tension -· \ 
- (~ ')2 Group X I F t F t a 
936FF 12.5 5.4 29.2 
- - - -
936FS 6.4 1.5 2.3 12.1Cd) 3. 5 (c) -~,-
936FT 6.7 2.3 s.1 s. 7(c) 3 .1 (c) 2.2 
, 
9362 7.9 2.6 6.5 4.sCb) 2 .4 (a) 2.8 
Compression 
Group -X a' (0 1 ) 2 F t F 
936FF 17.0 4.2 18.0 - - -
· 936FS 13.4 2.7 7.2 2.5 2 .3 (a) 
-· 
936FT 14.4 2.5 6.0 3.o(a) 1.7 1.2 
' 9362 16.z 3.5 2.0 1.5 0.;5 1.7 
IDTE: 
(a) Significant at 5% probability level. 
(b) Significant at 2.5% probability level. 
(c) Significant at 1% probability level •. 
(d) Significant a~ 0.1% probability level. 
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TABLE 1 • ">'I.,'...: .• 
- -- .,, 
- SINGLE ENDED ~1ACIIINE 
Analysis of Investment Charges and Other Expenses 
Fixed Investment Charges and Other· Fixed -Expenses 
(in $000 'S) 
Product: 237B Sealed Contact 
Description 0 1 
Machinery 
(X) machines @ approx $200 
1966 1800.0 495.0 
0 1967 400.0 
1968 800.0 0 
TOTAL 3000.0 495.0 
Tools 
Furniture & Fixtures 
Engineering Expense 
Floor Space (approx. $5/sq •. 
. · ft./yr',) 
120 sq. ft./mach. 
1966 
1967 
1968 
Fixed J\1aintenan~ 
$15,360/machine 
IDrAL 
0 
.Q 
:Q 
0 
0 
o= 
:~ 
5 .4 5 .4 
1.2 0 
2.4 0 
9.0 5.4 
2 
495.0 
111.2 
0 
606.2 
0 
-0' 
g., 
5.4 
1.2 
0 
6.6 
495.0 
111.2 
224 .8 
831.0 
0 
Q 
0 
5.4 
1.2 
2.4 
9.0 
63. 
4 to 15 
831.0 
0 
:0 
0 
TOTAL 138. 2 168-. 9 2--3.0 'e 3 230. 3 23.o •. ::~ 
Other Misc. Expense 
$3.0/machine 
Salvage 
._., .. 
IDrAL 2-... 7 
0 
.,_ ... ,-7··· •, 
~ . . 
... -.. ,_ -
·o:· . ,' ,: 
r. 
~-:~.·3 
0 
·::.·' 
.4:.s, 
0: 
:4· .•. s: 
0: 
.. ' ,'. ' ' 
-~,._ ..... ~ ..... ~ .. -. 
:,"l.'• ... 
.,"/ 
- - ··--····- __ , ____ .. :: _____ •.---
., 
· ...• .,, 
p 
TABLE 2 
\ 
SINGLE ENDED ~1ACHINE 
1· 
Analysis of Investment Charges and Other F.xpenses 
Fixed Investment Charges and Other Fixed Expenses 
(in $ODO'S) 
Product: 237B Sealed Contact 
DiSCOWlt . 
64. 
·C\ Year 
Annual 
Totals Factor 
Present --
l\Torth 
... 
·:--·· ·~ ,_ --- __ , 
,/ 
0 0 0 ' 0 
1 641.3 .870 557.9 
2 785.0 .756 593.S 
:3 1074 .8 .658 707.2 
4 1074 .8 .572 614.8 
.s 1074.8 .497 534.2 
.6 1074 .8 .432 464.3 
- ·-··-·---- ·- . ) .. 
1 1074.8 .376 404.1 
a 1074 .8 .327 351.S 
9 1074.8 .284 305.2 
10 1074 .8 .247 265.5 
11 1074 .8 .• 215 231.1 
12 1074.8 .187 201.0 
13 1074.8 .163] 1fs.2 
14 1074.8 .141 151.S 
15 1074.8 .123 132.2 
Total Present Worth ••••••••••••••••••••••••••••••••••••••••• 5689. 2 
Annuity Factor for Number of Years in Study Period 
. ._ (App. A, Col. (b) -20%) ••••• , ••••• .171 
Equivalent Level Annual Value of Fixed Investment Charges and 
Other Fixed Expenses {Total x Annuity .. Factor) •••••• 972.9 
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·--- TABLE 1. 
--· DOUBLE-ENDED INFRARED MArnINE. 
·,. 
., 
Analysis of Investment Charges and Other Expenses 
Fixed Investment Charges and Other Fixed Expenses 
(in $1.000 11 S) 
Product: 237B Sealed Contact 
.. 
Description 
Machinery 
x.machines approx.$235 
1966 
1967 
V 
1968 
I) TOTAL 
Tools 
Furniture & Fixtures 
Engineering Expense 
TOTAL 
.. - ... - - - .. - - - .. ···- --·- - - -
- - --- .... ·-
Floor Space (Approx. $5.00/ 
sq. ft ./yr.) 
135 sq. ft./machine 
TOTAL 
0 1 ._--. ............. 2 
940.0 258 .s 258 .s 
470.0 0 130.6 
235.0 0 0 
1645.0 258. 5 389.1 
0 O· 0 
0 o. .o 
... 
200.0 '#-~4. 2 .. 3.~. 2 ___ . - - - - . . - - -
2-._:7 4.1 4.8 
3 
258 .s 
130.6 
66.0 
455.1 
0 
0: 
34.2 
4.8 
'• 
65. 
, .. ,, .. 
__ ... ::t 
,.-
4 to 15 
, 
455.1 
'. 
1(·:.·. 
0 
0 
34.2 ··- - ... - ... - - - - . -·- - , __ ,. __ --
4.8 
Fixed Maintenance 
163.60/machine TOTAL 65.4 98.1 114.5 114.5 
Other Misc. Expense 
$ 2. 24 /machine 
Salvage 
·~.'·\. ' . 
.. ,, . 
.,._,r,•,, 
•,. :·.. ,i 
.·.:_,·.".;-_,1,::·.•.•:.' .;_ ,', 
TOTAL 0 .• 9 
:0. o: 
1.4 '""'1. 6 1.:6: 
0 0 / o· 
-·~ 
] , 
'· 
./ .,,...,.1 
... _.. 
I,. 
--·· ---- . ·. -~"'- --
"-,., 
'\_\ 
\ 
' 
~-
~ -
\ 
Year 
0 
1 
z: 
:.3: 
4 
~s 
\-6 
·- ~ 
.iJ.. 
¥ _,_ • 
·.,. 
. f ......... ; 
-TABLE 2 
, .. 
·- i, 
DOUBLE-Et'IDED INFRARED MAC11INE 
-- .. . 
·' 
Analysis of Investment Cl1arges and Other Expenses 
Fixed Investment Cliarges c\nd Other Fixed Expenses 
. $ \'1 
'"·1: ( 1n 000 .~~) 
1 Product: 237B Stfal.ed Contact 
Annual 
Totals 
0 
361~7 
526. 9,~. 
610.2 
-
010.2 
610.2 
610.2 
/ 
) . 
/ 
r 
Discount 
Factor 
0 
.870 
.756 
. ~ 
..• 658 
.497 
.432 
Present 
l\forth 
0 
314.7 
398.3 
401.S 
349.0 
303.3 
.. 
263.6 
66. 
7 ',~,- -- ---ulO. 2 • 3 7 6---- ~ · - ._,._. ___ . 229.4 
'"' 
8 "' 610.2 .327 199.5 
-
. ~>., 
9 610.2·, .284 173.3 
. / 
"'- / 
10 
~.2 .247 150.7 
11 61()"~ 
" 
.215 131.2 
) "-
12 610.2 "\. .187 114.1 
13 ., 610.2 .163 99.S 
14 610.2 • l.41 86.0 
15 610.2 .123 75.1 
\ 
... 
Total Present \Vorth •••••••••••••••••••••••••••••••••••••••• 3289·. 2 
Annuity Factor for Number of Years in Study Period.......... .171 
~'Equivalent Level Annual Value of Fixed Investment Charges and 
Other ~ixed Expenses (Total x Annuity Factor).... 562.S 
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.rABLE 1 
-·~ ~ HEAD INFAAPJ3D rv1ACHINE-
~ 
1\nalysis of Investment Charges and Otl1er Expenses 
Fixed Investment Charges and Other Fixed Expenses 
(in $000'5) 
Product: 237B Sealed-Contact 
Description · 
1\iachine iy 
x machines 
1966 
1967 
1968 
Tools 
Furniture & Fixtures 
Engineering Expense 
, .. 
TITTAL 
0 
500.0 
150.0 
150.0 
800.0 
1 
137.S 
0 
0 
137.S 
0 
0 
TOTAL 200.0 34.2 
Floor Space (Approx. $5.00/ 
, sq. ft./rnachine) 
Fixed l\1aintenance 
ISO/machine 
Other Misc. Expense 
Salvage 
TOTAL 
TOTAL 
' 
-----"····· . . 
. /-'..'.-1'•·, .'-- -·.- .·• ' 
"· 
3.0 
1.S 
Q. 
.~ 
3.9 
.2:._,0 
(l 
2 
137. 5 
41.7 
0 
179.2 
o-
0' 
34.2 
4.8 
2.4 
0 
3 \ 
137.S 
41.7 
42.2 
221.4 
0 
0 
34.2 
4.8 
90.8 
2.4 
0 
.\ 
67 • 
4 to 15 
0 
0 
0 
221.4 
0 
:Q 
34.2 
4.8 
90.8 
2.4 
0 
~ 
/ 
:! ':IT;i 
Vi1~ 
:::)U 
t.·'_i1_!~ . .. '.~~;·. ; 
·i,~'.(i1 
,-; ',, 
' .. ,·,, 
·, 
··J 
:, 
--, 
\" ~ . . . ·-· 
. , 
rl 
·"' 
·.• 
Year 
0 
1 
2 
.3 
4 
5 
.6 
7 
.'8. 
,g .. 
. ,· 
:J_Q· 
:ll 
12: 
13: 
14.· 
1·s: 
: J'ABLE 2 
·i.-- _8 -HEAD INFl~~ :\1ACI-1INE 
.Analysis of Investment Cl1arges and Other Expenses 
- Fixed Inves·tment Charges and Other Fixed Expenses 
(in $ODO'S) 
-·-· -.- --- Product: 237B Sealed Contact 
-- Annual Discount 
Totals Factor 
0 0 
i\': 
233.0 .870 
293.1 .756 
353.6 .658 
353.6 .572 
353.6 .497 
353.6 .432 
353.6 
"' 
.376 
353.6 .387 
353.6 .284 
353.6 • 247 
• 
353.6 .215 
353.6 .187 
353.6 .163 
353.6 .141 
r--
353.6 .123 
68 .• 
\, 
Present 
Worth 
--
0 
202.7 
221.6 
232. 7 
202.3 
175.7 
152.8 
133.0 
115.6 
100.4 
87.3 
76·.o 
66.1 
57.6 
49.9 
43.S 
Total Present \vorth ••••••••••••••••••••••••••••••••••••••••• 1917. 2 
Annuity Factor for N.lmber of Years·in Study Period •••••••••• · .171 
Equivalent Level Annual Value .of Fixed Investment Charges and 
O~her Fixed Fxpenses (Total x Annuity Factor) ••••• 327.8 
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Name: 
Home: 
Birth: 
Parents: 
Education: 
. I 
'.\ 
- -· ·VITA 
,, 
--
Michael Peter Eleftherion 
632 Berger Street 
Pmmaus, Pem1sylvania 
;....,.., .. 
---
i 
Reading, Pennsylv~ia, Novenber 6, 1928 · 
Mr. and Mrs. Peter T~ Eleftherion 
Reading Senior High 
Wyomissing Polytechnic Institute 
Engineering Teclmology 
Pennsylvania State University 
·BS - r~eclianical Engineering 
1946 
1955 
1958 
Professional Experience: 
. 
Machinist - Textile Machine l\Torks 
Reading, Pennsylvania 1952-1955 
Draftsman - Pennsylvania State 
University 1955-1958 
Development - Plarming Engineer-
Western Electric Company 
· Allento\vll, Pennsylvania 
1958-1965 
Present Occupation: 
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